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Twenty-three sequential Aspergillus ftimigatus sputum isolates, which had been collected over a period of 2 
years, from two patients with cystic fibrosis were genotyped by random amplified polymorphic DNA PCR and 
restriction fragment length polymorphism analysis. In patient B, one genotype was predominantly present in 
the sputum samples, while in the other patient up to nine different genotypes were identified. This study 
suggests that different patterns of colonization with A. fumigatus exist in patients with cystic fibrosis.
Cystic fibrosis (CF) is an ultimately lethal, autosomal, reces­
sive hereditary disease involving dysfunction of the exocrine 
glands. The lungs are a major target of disease, and the pres­
ence of thick tenacious secretions favors growth of certain 
microorganisms, e.g., Pseudomonas aeruginosa and Staphylo­
coccus aureus. Furthermore, in '10 to 57% of CF patients the 
respiratory tract is also eolonized by Aspergillus species (3, 15, 
18). Aspergillus fumigatus is the fungus most commonly iso­
lated, and this fungus was found to be the next most persistent 
microorganism in sputum secretions after P. aeruginosa (3). 
Sensitization to Aspergillus allergens may lead to the develop­
ment of allergic bronchopulmonary aspergillosis in up to 11% 
of patients (13-15). However, although A. fumigatus can be 
cultured from sequential sputum samples obtained from CF 
patients, it is not known whether colonization of the respira­
tory tract with A. fumigatus is due to one or several strains or 
that frequent recolonization takes place. In the present study, 
we have typed A. fumigatus isolates cultured from sputum 
samples of two patients with CF by use of restriction fragment 
length polymorphism (RFLP) analysis and PCR amplification 
of random polymorphic DNA fragments (RAPD-PCR). These 
molecular typing methods have previously been used with 
other patient groups to genotype A  fumigatus isolates (1, 2,
4-6, 10, 11, 19, 21).
Sputum samples obtained from CF patients were routinely 
cultured on Sabouraud glucose 2%  agar for 4 days at 29°C A. 
jiimigatus was identified by cultural characteristics and the 
morphology of conidiophores and conidia. Mycelial growth of 
one colony was peeled off, suspended in 1 ml of glycerol- 
peptone broth, and stored at -80°C  until testing. Twelve and 
11A  fumigatus isolates cultured from sequential sputum sam­
ples from patients A and B, respectively, were available for 
molecular typing, and each test was performed in duplicate. 
ThQ Aspergillus isolates were defrosted, plated onto Sabouraud 
agar, and incubated at 42°C. Conidia from each isolate were 
inoculated into 5 ml of Sabouraud liquid medium and incu­
bated on a rotary shaker (24 h, 37°C, 200 rpm). Mycelia were 
harvested by centrifugation for 10 min at 5,000 X g. Complete 
cell destruction was achieved with a mortar under liquid nitro­
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gen (7). One milliliter of extraction buffer (2% [wt/voi] hexa- 
decyltrimethylammonium [Sigma Aldrich, Axel, The Nether­
lands], 100 mM Tris-HCI, 1.4 M NaCl, 20 mM EDTA) was 
added, and the mixtures were incubated at 55°C for 30 min. 
Next, the samples were centrifuged for 5 min at 13,000 X g 
(Eppendorf centrifuge). The supernatant was collected, and 
nucleic acids were purified by phenol-chloroform-isoamyl al­
cohol (25:24:1) extraction followed by precipitation with etha­
nol for 1 h at —80°C and washed twice with 80% ethanol (12). 
Finally, the samples were centrifuged for 1 mín at 13,000 X g 
and dissolved in 200 fxl of distilled water. RAPD-PCR finger­
printing was performed as described previously by using primer 
R108 (5'-GTATTGCCCT) (2). Amplifications were carried 
out by using a 40-cycle program with each cycle consisting of 
dénaturation for 1 min at 94°C, annealing for Í min at 35°C, 
and elongation for 1 min at 72°C (21). Amplification products 
(10 fjul) were separated by electrophoresis through 1.5% aga­
rose gels containing ethidium bromide. Gels were photo­
graphed and interpreted by visual examination. Both faint and 
intense bands were included in the interpretation of the pat­
tern, and patterns differing by more than one band were cat­
egorized as different genotypes. RFLP fingerprinting was per­
formed exactly as described previously (4). Briefly, DNA from 
each A  fumigatus isolate was digested with 4 U of Eco RI per 
[jig of DNA at 37°C for 16 h. DNA fragments were separated 
on a 0.7% agarose gel (1 (JLg of DNA per lane; 16 h at 25 V) 
and transferred to a nylon filter (Hybond N +; Amersham) with 
a vacuum transfer filter. A repetitive 6,914-bp DNA probe (16) 
was labelled by the random priming method (Megaprime; Am­
ersham). Prehybridization and hybridization were performed 
at 65°C in a solution of 5X SSPE ( l x  SSPE contains 10 mM 
sodium phosphate [pH 7.5], 10 mM EDTA, and 0.18 M NaCl), 
5% dextran sulfate, 150 |ig of sheared denatured salmon 
sperm DNA per ml, and 0.3% sodium dodecyl sulfate (SDS). 
Filters were washed with a solution of 2 X SSPE~0.3% SDS at 
65°C and then exposed to Kodak X-Omat AR film with an 
intensifying screen for 1 to 3 h at 80°C. The RFLP banding 
patterns were interpreted by visual inspection, and a single­
band discrepancy between isolates was considered to indicate a 
different genotype. Medical records of both patients were re­
viewed for clinical signs and symptoms of allergic bronchopul­
monary aspergillosis and the use of corticosteroids or antifun- 
gal agents.
Patient A was 19 years old, and besides CF he also suffered
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loma (5) strongly suggests that these patients are colonized and 
infected by a single and unique strain. The patterns of Aspergil­
lus colonization in CF patients resemble that of P. aeruginosa 
colonization. Molecular typing of P. aeruginosa isolates from 
sputum samples of CF patients revealed that some patients are 
colonized with a rather constant Pseuclomonas flora while in 
others the composition of the flora may fluctuate considerably 
(8,9).
The highest degree of discriminatory power of RAPD geno- 
typing with A. fumigatus isolates has been achieved with primer 
R108 (2,10). The RAPD method is easy to perform and allows 
large numbers of isolates to be analyzed within a short period 
of time. However, the discriminatory power of primer R108 
alone may not be sufficient for epidemiological study of isolates 
from individual patients, and therefore the results of RAPD 
were compared with those of RFLP, which has been shown to 
provide a high level of discrimination (1, 4). In the present 
study, the results of RAPD fingerprinting and RFLP analysis 
were not always in agreement. RAPD pattern A was found for 
RFLP types 1 and 7, RAPD pattern E corresponded to RFLP 
types 5 and 6, and RAPD pattern H corresponded to RFLP 
types 4 and 10 (Table 1). Furthermore, RAPD patterns D and 
H corresponded to RFLP type 4. Both RAPD and RFLP 
analysis were repeated (data not shown), but although minor 
variations in band intensity were observed, the overall banding 
pattern and interpretation were consistent. Previous compari­
sons between R 108-primed RAPD and RFLP typing methods 
have shown both full agreement (19) and discordance (1, 11). 
Factors such as buffer composition, primer concentration, 
thermal cycler performance, and gel electrophoresis time may 
play an important role in the band pattern and affect the 
discriminatory power of the primer. These factors may also 
limit the utility of comparison of results from different research 
centers (1). Interlaboratory variation of RAPD genotyping has 
been studied for S. aureus (20). Despite an effort by the authors 
to control several variables by standardization of DNA extrac­
tion, primer quality, and PCR protocol, major differences 
among laboratories were encountered. Although the majority 
of epidemiologically related S. aureus strains were clustered 
correctly by the different institutes, the resolution of PCR 
fingerprinting varied from 50 to 90% for genetically indepen­
dent isolates (20). Our typing results, comparing two different 
DNA-based typing methods, also show the largest discordance 
among genotypically unrelated isolates from patient A. Al­
though RAPD typing may be useful for high-speed typing of 
Aspergillus isolates, the discriminatoiy power may vary, and 
therefore RAPD typing should be combined with another 
DNA-based typing method. Since interlaboratory standardiza­
tion will be very hard to achieve, we recommend that a collec­
tion of well-characterized Aspergillus isolates should be avail­
able for individual researchers to evaluate new or existing 
typing techniques, as has been suggested for S. aureus (20).
An identical genotype was found among isolates from both 
patients by RFLP (genotype 4) but not by RAPD. This is 
difficult to understand, since there was no connection between 
these patients cross-colonization could not have taken place. 
Exposition to a common hospital environmental source could 
be the reason, since on certain occasions a prominent genotype 
of A  fumigatus could be found in the same hospital environ­
ment (9a).
In conclusion, this study suggests that different patterns of 
colonization with A, fumigatus exist in CF patients. Since only 
one isolate from each sputum sample was genotyped, it re­
mains unclear if patients with a greatly fluctuating number of 
genotypes are colonized with different strains at the same time 
or that genotypically unrelated A. fumigatus strains eolonize
the respiratory tract successively. To gain more insight into the 
molecular epidemiology of A. fumigatus colonization in CF 
patients and the effect of anti fungal therapy, typing of each 
cultured isolate is necessary and a greater number of patients 
need to be analyzed.
We thank A, J. M. M. Rijs and P. van den Murk for excellent 
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